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LONG-TERM  GOALS 

The  long-term  goal  of  the  project  is  to  develop  an  advanced,  integrated  system  of  oceanographic, 
meteorological,  and  vessel  surveillance  sensors  and  littoral  ocean  forecasting  models  to  allow  for  the 
real-time  assessment  of  ocean,  weather,  environmental,  and  vessel  traffic  conditions  throughout  the 
New  York  Harbor  region,  and  forecast  of  conditions  in  the  near  and  long-term  and  under  specific 
threat  scenarios.  In  the  long-term,  the  system  will  be  enhanced  by  modern  data  assimilation 
techniques  and  model-controlled  ocean  observing  sensors. 

OBJECTIVES 

In  littoral  regions  like  New  York  Harbor,  the  properties  of  the  water  column  are  spatially  and 
temporally  dynamic.  Any  realistic  picture  of  this  environment  must  take  into  account  this  variability. 
During  the  year  under  report,  the  objective  was  to  enhance  and  expand  an  existing  observing  and 
forecasting  system  of  New  York  Harbor  that  is  used  to  support  both  safe  navigation  and  port  security. 
The  system  is  structured  to  enable  real-time  and  ongoing  changes  to  the  sampling  scheme  of  the 
observation  system,  based  on  model  forecasts  and/or  user  intervention. 

APPROACH 

The  range  of  potential  threats  to  commercial  and  USN  vessels  and  waterfront  infrastructure  requires 
comprehensive  knowledge  of  the  maritime  environment.  This  “situation  awareness”,  includes 
information  regarding  water  and  atmospheric  conditions  as  well  as  vessel  traffic.  The  challenge  of 
providing  this  information  is  particularly  difficult  in  shallow  coastal  areas  and  estuaries,  where 
oceanographic  and  atmospheric  conditions  exhibit  high  spatial  and  temporal  variability  due  to  the 
influences  of  e.g.,  freshwater  inflow,  tides,  micro-climate,  and  bottom  and  land  topography.  The 
design  and  installation  of  observing  systems  in  these  environments  is  further  complicated  by  the 
presence  of  high  turbidity,  strong  stratification,  strong  tidal  and  wind-driven  flows,  fog,  and  (in  urban 
harbor  areas)  vessel  traffic  and  limited  shoreline  access. 

As  a  result  of  sustained  accurate  and  efficient  oceanographic  field  measurements  in  the  past,  computer 
forecasts  are  now  feasible  because  of  modem  instrumentation  and  advanced  three  dimensional 
circulation  models  in  which  considerable  confidence  has  been  established.  A  carefully  constructed 
observing  and  predicting  system  can  produce  nowcasts,  forecasts  and  data-driven  simulations  by 
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melding  dynamics  and  observations  via  the  assimilation  of  measurements  into  numerical  models.  The 
prediction  systems  provide  mechanisms  for  important  feedbacks  including  adaptive  sampling  for  the 
observational  component  and  improved  dynamics  for  the  model  component.  Such  a  system  is  The  New 
York  Harbor  Observing  and  Prediction  System  (NYHOPS)  -  an  Urban  Ocean  Observatory  (Bruno  and 
Blumberg,  2004).  It  is  an  example  of  what  can  be  developed  using  today’s  technology.  NYHOPS  is  an 
open-access  network  of  distributed  sensors  and  linked  estuarine  and  coastal  ocean  forecasting  models. 
NYHOPS  is  built  around  three  main  components:  observations,  numerical  modeling,  and  information 
distribution,  and  has  been  operational  since  January  2004. 

Real-time  oceanographic  information  within  the  Harbor  is  obtained  using  various  sensors  placed  at 
strategic  locations  (see  Figure  1  for  station  locations)  to  monitor  the  current  state  of  the  estuarine 
environment.  The  sensor  design  and  network  configuration  were  patterned  after  an  existing  Stevens 
system  on  the  New  Jersey  coast  (Bruno,  et.  al.  2001).  The  network  sensors,  all  of  which  serve  their 
data  in  real-time,  include: 

•  6  shore-based  salinity,  temperature,  turbidity,  and  pressure  sensors 

•  2  moored  platforms  containing  salinity,  temperature,  turbidity,  and  pressure  sensors 

•  2  Acoustic  Doppler  Current  Profilers  (ADCPs) 

•  Commuter  ferry-based  conductivity  and  temperature  sensors 

•  3  weather  stations  (nearshore  and  moored)  providing  continuous  observations  of  local 
meteorological  conditions, 

The  modeling  component  is  centered  on  the  use  of  a  high  resolution  application  of  the  Princeton  Ocean 
Model  (Blumberg  and  Mellor,  1987).  Water  surface  elevation  and  three-dimensional  fields  of  currents, 
temperature,  salinity,  and  water  turbulence  are  calculated  in  response  to  meteorological  conditions, 
freshwater  inflows,  tides,  and  temperature  and  salinity  at  the  open  boundaries.  The  model  has  a  long 
history  of  successful  U.S.  Navy  use  and  confidence  in  its  capabilities  has  been  established.  The 
modeling  system  provides  accurate  and  comprehensive  simulations  of  meteorological  and 
oceanographic  conditions  in  the  past  (hindcasts),  present  (nowcasts)  and  future  (forecasts).  The 
simulations  are  performed  and  archived  on  the  Stevens  Hydrodynamic  Computational  Laboratory’s 
high-perfonnance  computer  cluster  resident  in  the  Davidson  Laboratory. 

WORK  COMPLETED 

The  expansion  and  enhancement  of  NYHOPS  is  well  underway.  The  work  completed  includes: 
Observing  System  - 

1.  A  CODAR  system  located  on  the  southeast  shore  of  Staten  Island  (see  Figure  1)  will  provide  the 
coverage  necessary  to  enable  surface  current  and  wave  measurements  across  much  of  the  lower 
Harbor.  When  combined  with  the  planned  Rutgers  CODAR  systems  at  Sandy  Hook  and  Rockaway, 
the  Stevens  CODAR  systems  will  enable  very  fine  resolution  of  currents,  and  waves. 

2.  An  offshore  instrument  mooring  near  the  entrance  to  New  York  Harbor,  providing  surface  wave 
height  and  direction,  meteorological  information,  near-surface  current  speed  and  direction,  and  near¬ 
surface  and  near-bottom  temperature  and  salinity.  This  instrument  mooring  will  enable  the 
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measurement  of  critical  oceanographic  parameters  at  the  outflow  of  the  Hudson-Raritan  Estuary  to  the 
Atlantic  Ocean.  This  information  is  essential  to  enhancing  our  understanding  of  the  flows  into  and  out 
of  the  estuary,  and  to  the  accurate  simulation  and  forecasting  of  the  regional  ocean  dynamics,  including 
circulation  and  wave  transformation.  These  surface  current  measurements  will  also  allow  for  ongoing, 
high-resolution  validation  of  the  CODAR  surface  current  measurements,  thereby  benefiting  many 
other  researchers. 

3.  Meteorological  stations  on  the  two  instrument  moorings  that  were  deployed  as  part  of  the  original 
NYHOS  project.  These  instrument  platforms  will  provide  wind  speed  and  direction,  air  temperature, 
atmospheric  temperature,  and  relative  humidity.  All  observations  will  adhere  to  NOAA  National 
Weather  Service  standards  in  terms  of  e.g.,  vertical  location,  averaging,  etc. 

4.  Expansion  of  the  ferry-based  temperature  and  salinity  measurement  system  that  was  initiated  under 
the  original  NYHOS  project.  This  highly-successful  trial  program  will  be  expanded  in  order  to  include 
ferry  vessels  traveling  throughout  the  Harbor,  including  a  route  from  Manhattan  south  to  the  lower 
Harbor  shoreline  just  east  of  Sandy  Hook. 

5.  Newly  expanded  wireless  data  transmission  capabilities.  Initial  tests  suggest  that  much  if  not  all 
information  from  the  shoreline  and  moored  instrument  platforms  can  be  wirelessly  transmitted  to  the 
Stevens  campus.  We  have  continued  to  build  on  this  initial  success,  and  are  endeavoring  to  build  a 
100%  wireless  system  in  the  Harbor  (with  the  exception  of  the  CODAR  systems).  Issues  such  as 
wireless  security  and  integrity  have  been  addressed  to  ensure  that  the  data  continues  to  flow  in  a  very 
busy  urban  environment. 

Prediction  System  - 

The  prediction  system  is  scheduled  to  simulate  72  hours,  24  hours  in  the  past,  the  hindcast  mode  and 
then  48  hours  into  the  future,  the  forecast  mode.  The  nowcast  is  obtained  at  the  conclusion  of  the 
hindcast  part  of  the  cycle  and  a  file  is  written  out  which  forms  the  basis  for  the  next  cycle.  The  forecast 
simulations  are  performed  using  forecasted  forcing  functions  except  for  the  river  flows,  which  are 
based  on  daily  persistence.  The  modeling  system  saves  the  proper  hydrodynamic  infonnation  for  a 
restart.  A  smooth  and  seamless  execution  occurs  to  start  the  next  cycle,  which  is  scheduled  to  start  24 
hours  later.  Three-dimensional  fields  of  salinity,  temperature,  and  currents  and  two  dimensional  fields 
of  water  level,  significant  wave  height,  period  and  direction  are  archived  every  30  minutes. 

RESULTS 

The  best  realization  of  present  conditions,  the  nowcast,  occurs  at  midnight  each  day.  For  the  following 
48  hours,  the  best  estimate  is  the  forecast.  The  forecast  estimate  of  present  conditions  is  improved  by 
using  the  observations,  which  are  continually  available  in  real-time  throughout  the  forecast  period. 
Every  30  minutes  a  map  of  “Present  Conditions”  is  prepared  by  assimilating  all  the  available  data  for 
that  30  minute  period  with  the  appropriate  forecast. 

An  objective  optimal  interpolation  technique  is  used  to  create  the  assimilated  distribution.  These 
distributions  are  saved  for  use  with  the  next  cycle  of  the  prediction  system.  Figure  2  illustrates  “Present 
Conditions”  of  surface  salinity  in  the  NY/NJ  Estuary  for  09  October,  2004,  23:00  EDT. 
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In  order  to  firmly  establish  the  credibility  and  robustness  of  the  modeling  system,  the  assessment  of 
model  skill  must  be  an  ongoing  task.  As  the  forecasts  proceed,  comparisons  between  model  results  and 
observations  are  being  made.  Figure  3  taken  from  a  typical  web  site  display  provides  an  assessment  in 
real-time  of  how  well  the  system  is  simulating  water  level.  In  addition,  NYHOPS  has  already  been 
used  to  support  the  Rutgers/CalPoly  NSF  LaTTE  Hudson  River  Plume  experiment.  LaTTE  is  a 
coordinated  program  of  field  experiments  to  examine  processes  that  control  the  fate  and  transport  of 
nutrients  and  chemical  contaminants  in  the  Hudson  River  plume.  Shipboard  marine  scientists  released 
a  nontoxic  red  dye  into  the  Atlantic  Ocean  off  New  Jersey  during  the  first  week  of  July  2004.  The 
forecasts  from  NYHOPS  were  used  aboard  ship  to  determine  the  sampling  protocol  for  each  day.  It 
was  quickly  apparent  that  the  forecasts  were  quite  dependable.  A  formal  validation  of  the  forecasts 
using  SST  and  CODAR  maps  has  just  begun. 

IMPACT/APPLICATIONS 

The  work  presented  here  provides  a  major  step  forward  to  coupling  real-time  observations  with  a 
modeling  system.  NYHOPS  provides  a  wealth  of  real-time  data  about  tides,  waves,  winds,  currents, 
temperatures  and  salinities  in  the  waters  of  New  York  and  New  Jersey.  This  infonnation  is  now 
available  to  serve  the  maritime  user  community  in  the  same  way  atmospheric  weather  forecasting  has 
delivered  for  on-land  populations.  Ah  of  the  data  is  available  over  the  Internet  24  hours  a  day  by 
means  of  weather  forecast-like  maps  that  can  be  used  effectively  by  sailors,  power  boaters,  swimmers, 
and  fishermen  as  well  as  port  security  officials,  and  emergency  management  personnel.  NYHOPS  can 
be  located  on  the  Web  at:  http://www.stevens.edu/maritimeforecast/. 

The  observational  network  and  modeling  system  are  parts  of  the  integrated,  sustained  ocean  observing 
system  envisioned  by  the  National  Oceanographic  Partnership  Program  (NOPP),  under  the 
OCEAN  .US  office,  and  the  NOAA/ONR  Coastal-IOOS  (Integrated  Ocean  Observing  System). 
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Figure  1.  Location  of  sensors  in  the  NYHOPS  sensor  network.  The  “ partner ”  sensors  are 
owned  and  maintained  by  NOAA/NOS,  Rutgers  University  and  The  River  Project. 
Supplementing  this  network  are  observations  made  from  a  battery  of ferries  which  travel 

throughout  these  waters  on  a  routine  basis. 
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Figure  2.  The  present  surface  salinity  in  the  NY/NJ  Estuary  subdomain.  The  spatial 
distribution  is  created  using  data  from  the  sensor  network  available  in  real-time,  the 
forecasted  field  available  every  30  minutes  and  an  objective  interpolation  technique.  The 

dots  represent  the  locations  of  the  sensors. 
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Figure  3.  This  NYHOPS  web  site  graphic  provides  a  time  history  over  72  hours  of 
water  levels  at  Castle  Point,  NJ  one  of  15  stations  available  to  the  user.  The 
forecast  time  is  denoted  by  the  vertical  dashed  line  at  0  hours.  Times  from  the 
previous  day  are  in  negative  hours  (-24  to  0)  and  the  forecast  times  into  the  future 

are  in  positive  hours  (0  to  48  hours). 
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